This study evaluated the effects of different combination of commercial and natural diets (T1: egg yolk, T2: egg yolk+ Artemia, T3: Horlicks, T4: Horlicks+ Artemia, T5: TetraBits, T6: TetraBits+ Artemia, T7: NovoTom, T8: NovoTom+ Artemia) on growth, mortality, RNA: DNA ratio and gene expression of zebrafish for a period of 45 days. Significantly highest length (2.75±0.04 cm) and weight (0.25±0.10 g) gain were recorded in T2 treatment. Lowest length gain (2.00±0.08 cm) and weight gain (0.14±0.12 g) were calculated in T3. Significant highest mortality (65.00±8.66%) was observed in treatment T7 followed by T5 and T8 and significant lowest mortality (20.00±7.64%) was recorded in T2. By molecular analysis, Highest RNA: DNA ratio was found (1.01) in T5 followed by T4 (0.95) and lowest was found in T1 (0.77). Interestingly, a similar result was observed for gh1 (Growth hormone 1) gene expression. Highest gene expression was found in T5 followed by T4 and lowest in T2. Significant down regulation was observed in T2 for gh1 gene. Finally, the study would suggest that zebrafish can be fed with egg yolk+Artemia for better growth performance. The findings could provide a significant contribution to the field of global zebrafish as well as aquaculture research.
Introduction
Zebrafish (Danio rerio) is a small freshwater fish under the order of Cypriniformes. It is found in freshwater habitats like pond, river, beel, canal, paddy field of south Asian countries like Bangladesh, Nepal, India, etc (Engeszer, Patterson, Rao, & Parichy, 2007) . It has become one of the significant models over the world in the field of scientific research. Right now, this fish has also been utilized widely as model fish in many aquaculture research (Ulloa, Iturra, Neira, & Araneda, 2011; Ribas & Piferrer, 2014) particularly improving husbandry and survival, immune response, nutrition and growth of commercially important fishes over the world (Ulloa, Pena, Lizama, Araneda, Iturra, Neira & Medrano, 2013) . Moreover, zebrafish is also using as a model fish for nutritional genomic studies also called nutrigenomics where expression of certain genes is studied (Drew, Rodnick, Settles, Wacyk, Churchill, Powell & Robison, 2008; Robison, Drew, Murdoch, Powell, Rodnick, Settles & Lewis, 2008) .
Over the world in a zebrafish laboratory as well as aquaculture farm and hatchery, usually different kinds of commercial and natural diets are supplied like Tetra bits (TetraBits® Complete, Tetra GmbH, Germany), JBL Novotom Artemia, etc. Live Artemia nauplii are also significantly used in thousands of zebrafish laboratory worldwide for the consumption of both zebrafish larvae and adult. Recently, some works have been performed on effects of feeds on growth and reproduction of adult zebrafish with little attention given to larvae to young stages (Gonzales, 2012; Rabbane & Rahman, 2017) The analysis of RNA: DNA ratio is used to study the healthy condition of different aquatic organisms and animals like planktons either phytoplankton (Berdalet & Dortch, 1991) or zooplankton (Gorokhova & Kyle, 2002; Gorokhova, 2003) , fishes in different stages like larval (Clemmesen, 1994; Pepin, Evans, & Shears, 1999; Gwak, Tanaka, Tominaga, Tsusaki, & Tanaka, 2003) and adult stages (Smith & Buckley, 2003) . This approach has demonstrated especially appropriate for investigations of larval fish, which show conceivably fast, almost ceaseless development of absolutely somatic tissues (i.e., energy accessible for larval fish development isn't directed to shedding or gonadal tissue). The quality and quantity of RNA and DNA and its sources of variation in a fish especially in larval fish depends on some factors like the ontogenetic stages, effects of temperature and methodology (Foley, Bradley, & Hook, 2016) .
In many nutritional studies, the performance of feed is analyzed through the genetical view. There are many genes (i.e. insulin-like growth factor 1 and 2, growth hormone gene, etc) those are involved in cell division, cell cycle process, skeletal myogenesis of tissue (Moriyama, Ayson, & Kawauchi, 2000) . Over the last 20 years, significant numbers of studies have been performed to analyze the relationship between the effects of diets and its ingredient with gene expression.
Although pertinent kinds of literature are available on zebrafish as model animal in research (Ulloa et al., 2011; Lawrence, 2007; Lieschke & Currie, 2007) but very little work has been completed to have a look at the effects of diets on the nutrigenomics of fish. So, this work has been designed for zebrafish as an aquaculture model. Therefore, the study was conducted to determine effects of diet on larval growth performance, mortality, RNA: DNA ratio and growth specific gene expression of zebrafish Danio rerio fed with different types of feeds and their combination.
Material and Methods
For this experiment, several couples of wild and adult zebrafish were collected from zebrafish facility of Department of Fisheries, University of Dhaka, Bangladesh. In the evening, adult male and female zebrafish were kept in a 1 L capacity breeding tank using a separator in the tank to separate male from female. In the early morning, zebrafish released eggs and fertilized eggs were collected and stored in Petri dish for further development. After 2 days the eggs were hatched and the hatchlings were collected and reared in petri-dish for first 5 days without any feeding. After that, these 5 days larvae were transferred to the experimental tanks and experimental diets were supplied to the respective aquaria except Artemia. The experiment was conducted in 24 experimental aquaria (5L capacity) at the Department of Fisheries, University of Dhaka. All those aquaria were randomly placed in a steel made rack under room temperature. The study was undertaken for a period of 45 days. This was a one factorial study with eight feed combination in triplicates. All aquaria were filled in with tap water and labeled according to experimental design. Twenty fish larvae were stocked in each aquarium. Aeration (Sobo aquarium air pump SB348A) was given by electricity for 24 hours during the experimental period. All aquaria were held clean to provide a hygienic condition. Water quality parameters such as pH, temperature, dissolved oxygen concentration and total dissolved solids (TDS) were checked and recorded by using multiparameter kit (Model: HI9828 Multiparameter, HANNA instruments, Woonsocket. RI, USA). 75% water was exchanged with new water at every one-day interval from each aquarium.
The experimental aquaria were monitored every day to observe the behavior of fishes. The experimental fish were fed at the satiation level and three times a day with their respective experimental diets in different aquaria. Eight feed combinations were used in this experiment such as T1: Egg yolk, T2: Egg yolk + Artemia nauplii, T3: Horlicks, T4: Horlicks + Artemia nauplii, T5: TetraBits T6: TetraBits+ Artemia nauplii, T7: Novotom, T8: Novotom + Artemia. nauplii. GSL (Great Salt Lake) Artemia cyst was purchased from local market and decapsulated it at 30 ppt saline water and served to the respective fish of 15 days post fertilization because first feeding zebrafish are not capable to eat decapsulated Artemia. But other diets were supplied from the first feeding stage of fish. Here, according to United States Department Agriculture (USDA), chicken egg yolk contains about 16% protein, 32-35% lipid and 48% moisture. Artemia nauplii has 41-47% protein, 21-23% lipid, 11% carbohydrate and 10% ash. According to manufacturer's information: Horlicks (India) contains 22% protein, 3% lipid and 0% carbohydrate; TetraBits fish feed (Germany) contains protein 47.5%, oil 6.5%, fiber 2.0%, ash 10.5%, moisture 6.0%; JBL Novotom Artemia fish feed (JBL, Germany) has crude protein 43%, crude fat 8.5%, crude fiber 1.9 % and crude ash 9%.
After 45 days of rearing, the fish were sampled for the measurement of growth parameter and molecular analysis separately. About 30% of fishes were randomly sampled from 24 experimental aquaria to measure the total length (cm), standard length (cm) and weight (g).
The following formulae were used in calculating mortality rate (%), weight gain(gm), length gain (cm), and condition factor. For the determination of RNA: DNA ratio, Wizard ® Genomic DNA purification kit (Promega, USA) was used with slight modifications for the purpose of nucleic acid extraction. RNAse was not used in the procedure. At first 10 mg of fresh chilled fish, tissue was ground with mortar pestle and transferred it in a 2 ml tube. Then 600μl of chilled Nuclei Lysis Solution was added in the tube homogenize for 10 seconds. The tissue sample was then incubated at 65 0 C for 20 minutes in a water bath. After incubation, 200μl of Protein Precipitation Solution was added in the sample and chilled on ice for 5 minutes. The sample was then centrifuged at 14000 rpm for 4 minutes. After centrifugation, the supernatant was transferred to a fresh tube containing 600μl of room temperature isopropanol. The sample into the tube was mixed by gently inversion of the tube. The sample was then centrifuged at 14000 rpm for 1 minute. Then the supernatant was removed from the sample and 600μl of room temperature 70% ethanol was added and mixed. Again, the sample was centrifuged at 14000 rpm for 1 minute. The ethanol was aspirated from the sample and the pellet was allowed to dry 15 min. The pellet was rehydrated in 100μl of DNA Rehydration Solution for overnight at 4°C. Finally, the quantity of RNA and DNA was measured by using the Nanodrop 2000 Spectrophotometer with absorbance level at 260/280 nm. After calibration, 1µl of each sample was used for measurement of RNA and DNA.
Mortality rate =
For gene expression analysis, several procedures such as total RNA extraction, RNA quantification, cDNA synthesis, primer selection, qPCR analysis, real time analysis were performed carefully. Maxwell® RSC simply RNA kit and Maxwell® RSC instrument (Promega, USA) were used for the extraction of total RNA from the samples using manufactures' protocol. For RNA extraction, at first 20 mg fresh tissue sample was added in a 1.5 ml micro centrifuge tube which contains 200 µl lysis buffer and homogenized. Then the homogenized sample was incubated at ice for 10 min. The total sample was transferred to new 1.5 ml tube containing 500 µl RNA Dilution Buffer. Then, 50 µl Clearing Agent was added to the sample and vortexed for 30 seconds. After vortexing, the sample was incubated at 70°C for 3 min. Vortexing was done again for 30 seconds and incubated the sample at room temperature for 5 min. The total sample was then transferred to a column and centrifuged at 12000 rpm for 2 min. Then, it was transferred in a Maxwell-16 Cartridge. Moreover, 300 µl Elution buffer was taken in the elution tube. Finally, Maxwell-16 RNA extraction protocol was run for total RNA extraction. After that, mRNA was quantified by Nano-Drop 2000 (Thermo) spectrophotometer. Then cDNA was synthesized using GoScript TM Reverse Transcription System (Promega, USA). For cDNA Synthesis, several steps were followed to convert up to 5μg of total RNA or up to 500ng of poly (A) RNA into firststrand cDNA. At first, water was used in PCR tube to make total volume of 5 µL. Then, the volume was heated in a 70°C heat block for 5 minutes. Immediately it was chilled in ice water for at least 5 minutes. The solution was centrifuged 10 seconds in a micro centrifuge. Then the solution was stored on ice until reverse transcription mix (GoScript Reaction Buffer: 4.0μl, MgCl2: 3.0μl, dNTP mix: 1.0μl, Reverse Transcriptase: 1.0μl, Nuclease-Free Water: 6.0μl) was added. 15μl of reverse transcription mix was combined with 5μl of RNA and primer mix. The mix was annealed in a heat block at 25°C for 5 minutes. The mix was extended in a heat block at 42°C for up to one hour. Reactions can be stopped at this point for the analysis of the cDNA or might be frozen for long-term storage. Before proceeding with qPCR, the reverse transcriptase was inactivated in a heat block at 70°C for 15 minutes. Finally, quantitative real time PCR was performed using qTOWER 3 real time PCR thermal cycler (Analytic Jena, Germany). GoTaq ® qPCR master mix (Promega, USA) and fluorescent dye (Syber green) were used. In qPCR, two primes were used, house-keeping gene primer (ef1a) and Growth hormone gene primer (gh1). The sequences of the selected primers are presented in Table 1 . For qPCR analysis, real-time PCR instrument and related equipment, nuclease-free pipettes dedicated to pre-amplification work, cDNA template, qPCR primers were used. The final reaction volume in this protocol was 20µL. The volumes given here may be scaled for larger or smaller reaction volumes. cDNA template added should not exceed 20% (v/v) of the qPCR reaction volume, unless diluted. The appropriate volume of the reaction mixture was added to each PCR tube or well of an optical-grade PCR plate. The cDNA template (or water for the no-template control reactions) was added to the appropriate wells of the reaction plate. The tubes or optical plate was sealed and centrifuged briefly to collect the contents of the wells at the bottom. The program of the qPCR cycler was 95 °C for 3 minutes followed by 45 cycles at 95 °C for 15 In this experiment, the observed data were analyzed using different software. Excel software was used for graphical presentation with error bars. Growth performances, condition factor, and mortality rate were analyzed by one-way ANOVA and Tukey's post-hoc test using SPSS software. The results (Ct value) of qPCR cycler obtained from qPCRsoft 3.2 were analyzed using the Relative Expression Software Tool (REST) (Pfaffl, Horgan, & Dempfle, 2002) .
Results and Discussion
The water quality parameters of day 25 and day 45 are presented in Table 2 . Highest DO (Dissolve Oxygen) (2.83±.76 ppm) was found in treatment T5 (Tetra bits) of the first measurement at 25 days and the highest DO (2.79±.86 ppm) was found in treatment T7 (Novotom) at 40 days of the culture period. Lowest DO (0.86±.11 ppm) was found in treatment T4 (Horlicks) at 25 days of culture and at 40 days it was T8 (Novotom + Artemia). Highest pH (7.88±.17) was found in treatment T7 (Novotom) and lowest (7.49±.03) was in treatment T8 (Novotom +Artemia) at 25 days of measurement. At 40 days of the culture period, lowest pH (7.69±0.27) was found in treatment T8 and highest (8.06±0.09) was recorded in treatment T7. Highest Temperature (29.20±0.13 ℃) was found in treatment T1 (Egg Yolk) and lowest (28.70±0.49 ℃) was in treatment T5 (Tetrabits) at 25 days and 40 days of the culture period. Oxidation Reduction Potential (ORP) was found largest (91.73±.34 mV) in treatment T4 (Horlicks + Artemia) and less (33.76±2.21mV) in treatment T5 (Tetra bits) at 25 days (Table 2) . At 40 days highest ORP (57.3±2.72 mV) was in treatment T4 and lowest (40.67±2.19 mV) was in treatment T7. Highest (1030.43±0.03 ms/cm) EC was found in treatment T4 (Horlicks + Artemia) and lowest (1030.13±0.03 ms/cm) was in treatment T7 (Novotom + Artemia) at 25 days and 40 days of measurement. Highest TDS (ppm) (237.55±0.88 ppm) was found in treatment T5 and lowest (ppm) (229.33±1.33 ppm) was in T7 at 25 days. But at 40 days the highest TDS (237.67±0.88 ppm) was found in treatment T7 and lowest (228.66±0.33 ppm) was found in T2.
Water quality parameters play a significant role in a fish culture system. In this experiment, water quality parameter like dissolved oxygen (DO), pH, oxidation reduction potentials (ORP), electrical conductivity (EC) and TDS were measured. Most of the parameters were in the acceptable range of fish culture. Though the appropriate range of temperature for zebrafish is 24 -30°C (Matthews, Trevarrow, & Matthews, 2002) , the maintenance temperature at laboratory condition is 28.5°C (Westerfield, 1995) . Zebrafish is a hardy fish and it can tolerate a wide range of temperature (12-40 0 c), especially adult zebrafish. The TDS level was in acceptable range in our study, because the tolerable limit of TDS for the most aquatic animal including fish is 1000 mg/l (Boyd, 1999) . DO is the most significant water quality parameters in a culture system, because any fluctuation from the standard level of DO may cause higher fish mortalities (Timmons, Ebeling, Wheaton, Summerelt, & Vinci, 2002) . Popma and Masser (1999) reported that zebrafish, a tropical fish species, can tolerate lower levels of dissolved oxygen; that's why they can survive in a poor oxygen laden habitat in nature. Timmons et al. (2002) recommended pH 6 to 9.5 as the tolerable range for the most freshwater fish. That's why the better condition pH range maintained for the most freshwater fish is 7-8. So, the pH of culture tanks of this study was in better condition.
Growth performance in terms of length gain and weight gain of cultured fish is presented in Table 3 . Significantly highest length gain (2.75±0.04 cm) was found in T2 (egg yolk + artemia) followed by T6, T8, and T4. Lowest length gain (2.00±0.08 cm) was found in T3 (Horlicks). Similar results were recorded for weight gain (Table 3 ). Significantly highest weight gain (0.25±0.10 g) was found in T2 when compared with T3 and T5. But there was no significant difference in weight gain among T1. T4, T6, T7, and T8. Lowest weight gain (0.14±0.12 g) was observed in T3 where fish were fed with Horlicks. Feed quality, quantity, composition, ingredient size, and feeding frequency are the most important factors that control the growth, survival and gene expression of Danio rerio Kaushik, 2010 and Gonzales, 2012) . Kaushnik, Georga, and Koumoundouros (2011) conducted a study on the feeding habit of zebrafish larvae with formulated feed to formulate a standard diet. In our present study, the length gain was 2-2.75 cm in 45 days feeding different feeds. Carvalho, Araujo, and Santos (2006) found the best overall performance (14.3 mm standard length and 46.1 mg wet weight) of zebrafish larvae fed Artemia nauplii among four different diets (artemia nauplii, a commercial, a purified and a practical diet). However, Gonzales (2012) recorded that there is no effect of a particular feed on zebrafish growth. But a study was conducted by Rabbane and Rahman (2017) and observed a higher growth rate of goldfish fed TetraBits commercial feed. So, the result did not match with their result may be due to the different life stages of fish.
The result of the condition factor of the cultured fish for different treatments is shown in figure 1. There was no significant condition factor difference of fish among T1, T6, and T8 treatments. But significantly maximum condition factor was calculated in T7 (0.98±.04) followed by T3 (0.97±.03). Significantly minimum condition factor was calculated in T4 (0.77±.03) fish. Condition factor is an index of length and weight of fish which is used to compare the growth and fitness of fish. Condition factor is also used as an index to compare the growth and well-being of fish based on the principle that the heavier fish of a given length is in better condition. Rahman, Bhadra, Begum, and Hussain (1997) reported the values of condition factor of catfish fed different supplemental feeds between 0.81 and 0.87.
The mortality rate (%) of different treatments for 45 days of culture is presented in figure 2. Significantly highest mortality rate (65.00±8.66%) was found in treatment T8 followed by T5 and T8. Significantly lowest mortality rate (20.00±7.64%) was recorded in T2 that was fed with Egg Yolk + Artemia. The mortality rate of zebrafish in a very crowded condition is low because zebrafish is very hardy fish by nature. Gonzales (2012) found the mortality rate for zebrafish as 0-16% which is much lower than our present study. Water quality parameters can affect the survival rate, that's why we found higher mortality rates among treatments. In this study, we found higher mortality in all treatments. This was because we had started our experiment from the larvae stage and normally mortality is always higher in the larvae stage for all fishes.
Additionally, quantitative nucleic acid analysis is considered as an effective way of fish growth rate measurement. The study also confirmed the comparison of different diets on growth performance regarding RNA: DNA ratio measurement (Figure 3 ). Highest RNA: DNA ratio was calculated in treatment T5 followed by T4 and the lowest ratio was found in treatment T1 followed by T2. Graphical view of RNA: DNA ratio is presented in figure 3 . For the measurement of fish growth rate, quantitative nucleic acid analysis can be an effective tool. The increase in growth of somatic tissue can be due to the increase of the level of RNA in tissues, whereas DNA remains constant in somatic tissues (Regnault & Luquet, 1974) . Amount of RNA is also been considered as the indicator of nutritional status and growth of fish (Bergeron, 1997) . Akhtar, Pal, Sahu, Ciji, and Gupta (2012) ; Zehra and Khan (2013) ; Smith and Buckley (2003) suggested the RNA: DNA as an index of growth of fish species Labeo rohita, Catla catla, and Gadus morhua; respectively.
Gene expression depends on feeding habit and feed type. In order to evaluate the effects of diets on gene expression, relative gene expression of growth hormone was observed through real time PCR (Figure 4 ). Highest expression ratio (1.039) was measured in T5 followed by T1 and T4 where the lowest (0.863) was recorded in T2 followed by T3. Significantly down regulated gene expression was observed in T2 (Figure 4 ). T7 was used as a reference.
There are many factors that are responsible for gene up or down regulation. Feed ingredient is one of them that controls growth specific gene expression (Panserat & Kaushik, 2010) . However, in our experiment, up regulation was found in fish fed commercial diet Tetrabits containing a high amount of protein 47.5%. Yang, Chan, Lin, and Chen (1997) suggested that all types of salmonid fish contain gh1 and gh2 genes and their expression patterns are different in different life stages and sexes. So, it is very difficult to explain the reason of up and down regulation of growth specific gene. GH, secreted in the adenohypophysis and under hypothalamic control, is involved in the regulation of somatic growth through the introduction of IGF-I (Bjornsson, 1997; Chen, Marsh, Shamblott, Chan, Tang, Cheng & Yang, 1994) . Previous studies have exposed that GH excites the synthesis and discharge of liver IGF-I mediating the physiological action of GH (Reinecke, Bjornsson, Dickhoff, McCormick, Navarro, Power & Gutierrez, 2005) , and in turn, IGF-I specifically prevents GH gene transcription and exudation via a negative feedback mechanism. In addition, the wide tissue distribution of IGF-I producing cells (Reinecke et al., 2005) and IGF-I receptor (IGF-IR) (Radaelli, Domeneghini, Arrighi, Bosi, Patruno, & Funkenstein, 2003) , together with the extensive tissue distribution of GH-receptors (Perez-Sanchez, Calduch-Giner, Mingarro, Celis, Gomez-Requeni, Saera-Vila & Valdivia, 2002) , provides clear data on how GH mediates its actions at cellular level (Reinecke et al., 2005) . GH also depends on food habits. In respect of Danio rerio GH was found upregulated in fishes that were fed tetra bits and Horlicks + Artemia. Down-regulated was found in fishes that were fed egg+ Artemia. Gluconeogenic enzyme gene expression is decreased by dietary carbohydrates in common carp (Cyprinus carpio) and gilthead seabream (Sparus aurata) (Panserat, Plagnes-Juan, & Kaushik, 2001) . A comparable proportion of genes were found to be higher or declined in the same course by domestication or GH transgenesis relative to wild-type, suggesting that changes in specific mRNA are not being strongly inclined by a global regulation of mRNA levels (mRNA: rRNA ratios). Therefore, for these domesticated and GH transgenic strains with a common phenotype, it seems that many of the same genes are complicated and are adapted in parallel ways by both types of genetic alteration from wild-type (Devlin, Biagi, & Yesaki, 2004) .
Conclusion
This study concluded that egg yolk+Artemia could be used for better growth of zebrafish in laboratory condition. So, the results of the current study will be helpful to know the effects of diets on growth performance, mortality, gene expression. But the duration of the experiment was 45 days that was not enough time for getting more precise knowledge about gene expression. In upcoming research, it can be conducted with further populations, more samples and individuals and more genes to be explained in the research to make certain explanations about effects of different combined diets on the genetic construction of other species. 
